Introduction
In the struggle to survive and compete in face of constant technological changes and unstable business environments, organizations recognize knowledge as its most valuable asset. Consequently, these organizations often invest on Knowledge Management (KM), seeking to enhance their internal processes and available technologies to sustain and disseminate knowledge throughout the organizational setting (Alavi & Leidner, 1999; Fischer and Ostwald, 2001 ; Nonaka and Takeuchi, 1995; Orlikowski and Gash, 1994; Wenger, 1998 Orlikowski and Gash, 1994; Wenger, 1998) . Nevertheless, many current KM systems are developed following a purely techno-centric view, focusing on the methods, such as understanding commitments and vulnerability in the relationships between actors, and grasping the 'hows' and 'whys' of a particular choice. Moreover, it provides guidelines founded on cognitive sciences to support the analyst in understanding the gaps existing in the organizational setting, paving the way for the proposal of effective KM solutions. The results of the analysis may take different forms. Perhaps the problem may be more effectively solved by proposing changes in the business processes, rather than by applying technology.
Here, a case study is used to illustrate the methodology, exemplifying the proposal of changes in the organizational processes to accommodate new KM practices. The relationship of this work with current studies in agent-oriented approaches for organizational KM is also discussed.
The remaining of this chapter is organized as follows: section 2 discusses the appropriateness of the agent-oriented paradigm to support KM; section 3 describes the ARKnowD methodology, along with its activities and lifecycle; section 4 illustrates ARKnowD, analyzing a fictitious scenario with the main purpose of demonstrating the expressivity of the adopted approach to capture organizational aspects specifically related to KM; section 5 discusses how our approach relates to existing work; and section 6 finally concludes this chapter.
Agent-oriented Support to Knowledge Management
KM environments can be described as distributed systems where different agents need to interact in order to achieve both their individual and common goals. In such environments, the ability to communicate and negotiate is paramount.
Furthermore, the number and behavior of participants cannot be fixed a priori and the system can be expected to expand and change during operation, both in number of participants as in amount and kind of knowledge shared.
KM literature often mentions that the efficacy of KM processes and systems are very much impacted by organizational culture (Nonaka and Takeuchi, 1995; Orlikowski and Gash, 1994; Wenger, 1998) . Organizational culture is defined by the common sense knowledge, accepted behavior, and cultivated values within the organization. There are often reports on the fact that the adopted KM enabling systems are based on architectures and methods that reinforce old pernicious habits and power structures, instead of creating new and beneficial dynamics (Bonifacio& Bouquet, 2002; Orlikowski and Gash, 1994 ).
Our work is based on the assumption that technological and social aspects of organizations are tightly interrelated (Bonifacio& Bouquet, 2002; Guizzardi, 2006; Orlikowski and Gash, 1994) . The more an organizational process involves high level human activities, the stronger the interdependence between technology supporting that task and the organizational dimensions. In order to guarantee that an adopted system or process is going to fulfill its promises, it is thus necessary to perform a comprehensive analysis of the organizational processes, indicating which changes should occur to better accommodate the use of the adopted solution.
In order to cope with the inherent complexity of more comprehensive solutions for KM, the concept of Agent-mediated Knowledge Management (AMKM)
proposes agent-based approaches to deal with collective aspects of the domain in an attempt to cope with the conflict between desired order and actual behavior in dynamic environments (van Elst, Dignum and Abecker, 2004) . Inherent to AMKM is a social layer, which structures the society of agents by defining specific roles and possible interactions between them.
The agent paradigm enables to analyze and model the complex environment involving heterogeneous and complex social interactions, autonomous cognitive entities, possibly conflicting requirements, distribution of data and management, and unpredictable business processes. These are all characteristics of KM environments, which lead to an AMKM approach (van Elst, Dignum and Abecker, 2004) . The use of agents in KM can be seen in two perspectives. In one hand, agents can be used to model the organizational setting where the KM system will operate and, on the other hand, software agents can be used to implement the functionality of KM systems. Most existing KM projects involving agent technology concentrate on using agents as implementation tool modeling primitives. Agents are used there to support and extend the activity of (human) users. However, more and more interest is arising about the advantages of agent-based modeling of KM environments, thus viewing both organizations (and organizational units) and humans as agents in the model of such environments.
Currently, only a few of the existing AMKM approaches provide a comprehensive methodology that enables the development of KM support systems from a software engineering perspective. Agent-Oriented Software Engineering (AOSE) methodologies provide models and methods adequate to represent and support all types of activities of the software lifecycle. These methodologies must be both specific enough to allow engineers to design the system, and generic enough to allow the acceptance and implementation of multiagent systems within an organization, allowing for the involvement of users, managers and project teams. From an organizational point of view, the behavior of individual agents in a society can only be understood and described in relation to the social structure. Therefore, the engineering of agent societies for KM needs to consider both the interacting and communicating abilities of agents as well as the environment in which the agent society is situated (i.e. the organization).
Moreover, when applied to KM, AOSE methodologies must take into account the characteristics and idiosyncrasies of this particular domain.
The characteristics highlighted in the previous paragraph indicate that AMKM approaches should somehow relate and support the usual KM processes, such those of creation, integration and dissemination of knowledge (Fischer and Ostwald, 2001 ). Knowledge creation, as the name suggests, is the activity that leads organizational members to generate new knowledge; knowledge integration refers to converting it into a sharable technological format, while also connecting it to existing knowledge within the organization; and finally, knowledge dissemination enables access of specific knowledge to all employees and units that need to apply it in practice.
Given the number of available methods and languages for agent-oriented analysis and design (Henderson-Sellers and Giorgini, 2005), the approach presented in this paper builds on existing work. One of the principles of our methodology is to grant analysts and designers with the freedom to select the appropriate tools from a vast 'library' of methods and languages, depending on the specific case at hand. This is inspired by ideas of method engineering 1 . Figure   1 illustrates possible development options based on a combination of existing AOSE methodologies and models.
For instance, analysts that are familiar with the Gaia methodology (Wooldridge, Jennings, & Kinny, 2000) could start with the definition of roles and interactions and, then, refine these models respectively into OperA's roles and scenes (Dignum, 2004 
Proposed Approach
We propose an agent-oriented methodology to develop KM solutions named ARKnowD (reading "Arnold") (Guizzardi, 2006 that a senior developer made with a baker. In participating in the activities of making bread, he realized the right way to knead the dough, later embedding a mechanism in the machine that imitated the baker's movements. In this case, no new department was created and no new tool was adopted. Instead, the routine of an employee (the software developer) was radically changed, enabling him to capture tacit knowledge embedded in the practices of a specialist.
The ARKnowD's engineering process is conceived as a chain of activities that may be performed several times, in an iterative process, as illustrated in Figure 2 .
We will describe them in the following:
1. Requirements elicitation. Requirements elicitation is a basic activity of all software engineering processes, responsible for eliciting the needs and wants of the stakeholders of the system-to-be (Goguen and Linde 1993 • how much autonomy is given to each organizational member to share (i.e. create, integrate and disseminate) knowledge the way he/she finds appropriate;
• if the creation, integration and dissemination of knowledge happens in a bureaucratic way, obeying hierarchical structures within the organization or if it is rather non-hierarchical and natural, motivating each one to contribute with his/her share of knowledge despite organizational position or experience;
• how well organizational processes favor social interaction, considered here as an essential ingredient for the disambiguation of tacit knowledge, and thus for the generation of innovation (i.e. creation of new knowledge);
• what kind of meaningful artifacts are exchanged among organizational members, cross-cutting divisions and communities and in this way, integrating knowledge which is disseminated throughout the organization;
• how constructive perturbations are generated and coped with within the organization, triggering the dynamics that motivate employees to constantly self-improve by sharing knowledge;
• what kind of contexts emerge or are actively planned by the organization for knowledge creation, integration and dissemination.
We claim that the presence of the highlighted characteristics within the organization's setting leads to more effective support to KM, favoring the processes of creation, integration and dissemination of knowledge, described in Section 2. Thus, a deeper understanding of how much the analyzed setting complies with these principles gives the analyst the means to assess how well the organization currently supports KM. 3. Design. The design activity is responsible for providing the solution in as much details as to enable it to be developed in practice. It can be viewed as two distinct sub-activities: architectural design and detailed design. In architectural design, all agents of the system should be identified, along with their individual goals. In addition, the resources and plans used by the agents to achieve their goals are modeled. In the detailed design, the information structure of the system is detailed, along with processes and agent's behavior. In ARKnowD's life cycle, the use of Tropos ends with architectural design. For the detailed design, a different notation is applied, namely AORML (Wagner, 2003) . Thus, in the transition from architectural to detailed design, we propose a transformation from the notation adopted in Tropos to AORML. This transformation, which can be partially automated, is out of the scope of this paper but it is described in detail in [Guizzardi and Guizzardi] .
Note that our conceptualization of 'system' is general, including but not being restricted to that of information system. System can be defined as a general set of interacting entities, thus comprehending artificial and nonartificial entities (such as humans, organizations and organizational units).
This opens the possibility to consider several outcomes resulting from the application of our methodology, such as: changing organizational structures, modifying processes, and adopting technological or nontechnological tools.
The development of a solution commonly requires several cycles, each one performing to a certain extent, some or all the activities described above. This kind of dependency analysis is crucial in KM scenarios. In our case, for instance, we realize that while demanding the CoPs involvement with organization's objectives, the KM Division does not provide, as a counterpart, any incentive to the CoP. In fact, the KM literature (Orlikowski and Gash, 1994) indicates that incentive policies are essential to motivate knowledge sharing.
Looking at the Constructivist KM building blocks discussed in section 3, a positive aspect of the present organization is the fact that it encourages the creation of CoPs. According to theoretical and practical findings (Wenger, 1998) , these social phenomena may provide an appropriate context for effective knowledge creation, integration and sharing. In addition to that, the kind of relationship fostered in these communities are usually non-hierarchical, in the sense that each individual is viewed at the same time as a producer and consumer of knowledge, no matter which position he/she occupies within the organization.
Since the organization seems to be in the right track, our work on the next analysis step (i.e. Late requirements) is to make a proposal regarding the correction of the unbalanced relationship previously identified between the CoP and the KM Division actors.
In addition to the dependency analysis presented above, careful investigation and constant monitoring is needed within the organization so as to pay attention to external regulations that may prevent the maintenance of sustainable relationships. Besides this, another problem can also arise: the lock of dependencies, where an actor A depends on other actor B to fulfill a goal G1, but the actor B also depends of A for fulfilling the goal G2 in order to satisfy his own goal (i.e. G1). In the case described above, balancing dependencies is the attempted solution to an existing problem. Conversely, in these cases, the balanced relationships represent a problem to be solved unbalancing the relationship. This exemplifies the diversity of issues that can be noted and corrected in an organizational setting by analyzing the dependency between the actors of this organization.
Late Requirements: Proposing a Solution to the Problem Identified during Early Requirements
During Late Requirements, we shift the focus from analyzing the present situation to the analysis of possible solutions to the problems at hand. This way, the models from now on do not depict the current dependencies between the organization's actors. Conversely, the tendency here is to model the analyst's proposals of how one actor should depend on the other to achieve his as well as the overall organization's goals.
As a result of the analysis described in the previous subsection, we propose to the KM Division the adoption of a set of practices for fostering CoPs, 
Detailing the KM Division Strategy
The following four diagrams present in details how the KM Division may pursue the SES Method. Once more, it is important to emphasize that these diagrams comprehend the analyst's proposal for the organization. Thus, they can be viewed as recommendations to BHI as to how the KM Division should proceed to accomplish each of the phases of the SES method. More precisely, Figure 5 describes how (in the analyst proposal) the KM Division targets the seduce phase, 
The Engage Phase
In our fictitious scenario, after six months, the objectives of the KM Division The definition of roles is perfectly compliant with Constructivist KM. The fact that such paradigm privileges non-hierarchical knowledge sharing does not exclude different functions and positions. On the contrary, we admit that roles and hierarchies may be important in the organization's overall distribution of goals and plans. However, the point we make is that specifically regarding knowledge processes, all individuals should be treated as equals. In other words, all organization and community members should be viewed both as consumers and producers of valuable knowledge independently of the roles they play.
The roles of Figure 7 are aimed at facilitating knowledge creation, integration and dissemination, each one having specific goals and plans. However, the definition and refinement of these goals and plans is the focus of the architectural and detailed design and are thus, out of the scope of the present chapter.
The Support Phase
After a CoP has been created and engaged in work, the KM Division work has hardly finished (see Figure 8) . Supporting a CoP's work rather than being a phase is a long lasting and important activity to guarantee the well functioning of the However, the modeling constructs applied are completely diverse, for instance, while OperA makes uses of scene scripts and provides a sound formal foundation based on temporal deontic logic, our proposal is much less formal, aiming at the support of the specification of KM systems through the use of a graphical language.
Related work may also be found in (Loucopoulos and Kavakli, 1999) , where the authors propose a conceptual modeling approach to support enterprise KM. dependency. Another divergence is that for them, the process of acquiring and maintaining knowledge refers to the structure and processes underlying the targeted organization. The authors focus on eliciting and representing this knowledge in a sort of business process analysis. Rather than a KM system, the result of this analysis is the proposal of an information system to automate the organization's processes.
Conclusion
This chapter presented a novel approach named ARKnowD to support the analysis and design of KM solutions in organizational settings. ARKnowD is intrinsically agent-oriented, recognizing the suitability of agents to be used as providing such kind of informal visual methodology can be quite beneficial for the KM community, since business analysts and consultants will be able to use it without having to get acquainted with more formal approaches.
We used a fictitious scenario elaborated with basis on KM literature for the purposes of this exemplification. The scenario illustrates some of the main problems involved in KM setting. We did not discuss the requirements elicitation methods since domain knowledge and information on the fictitious scenario are derived from existing literature. Thus, we rather focused on the Early and Late
Requirements analysis, which are subsequent to the Requirements Elicitation activity in ARKnowD's lifecycle.
As aforementioned, this chapter privileged the exemplification of ARKnowD's support on proposing changes in the current organization's structure and process to accommodate and enhance KM. However, the development of the proposed template software (see Figure 7 ) and other supporting systems comprehend interesting work paths to be followed in the future. In this case, such systems can become actors in the model, to be further analyzed and designed, going through new cycles of the ARKnowD methodology.
Finally, future work on ARKnowD may be viewed according to theoretical and practical aspects. Theoretically, we hope to move forward with the work on the fundaments behind our methodology, which may result in adding new constructs to ARKnowD's language, possibly also affecting the methodology's life cycle. As for the practical aspects, ARKnowD must undergo experimentation in real organizations. The scenario applied in this chapter is fictitious, thus resulting in a very controlled testing environment. Although we have been careful to be realistic, we are sure that when applied to a real case, some of our assumptions may be confirmed, but also new insights and ideas should emerge to enhance our methodology.
1 Method Engineering defines the concept of "method fragments", meaning coherent portions of a methodology. A repository of methods fragments offers the bricks to set up an appropriate methodology for a specific situation (Harmsen, Brinkkember and Oei, 1994) . 2 All models in this chapter have been created with the use of the MS Office Visio software, using a Tropos stencil. 3 The reason for modeling team working well as a softgoal is the fact that the Management is not monitoring and measuring explicitly the team work quality.
In the process of refining the goal analysis from the point of view of the organization's Management, the contribution of the team working well softgoal to the other goals of this actor can become more explicit. 4 At this stage, although considered as an actor in the model, CoP is an abstract entity rather than a real agent in the organization. In other words, CoPs do not yet exist in the organization but are rather an idea of the Top Management to enable KM. Conversely, all other actors in the model represent real agents in the organizational setting. The representation of CoPs as actors in the model is important to enable the understanding of the dependencies between this and the remaining actors in case this strategy is indeed adopted by the organization. 5 Due to lack of space, the Early Requirements analysis model illustrating this sentence was suppressed from this chapter, as this textual information is enough to motivate the proposal of our solution. Textual descriptions substitute Early Requirements models in several parts of this work from now on. Thus, Figure 3 is the only model of the Early Requirements analysis activity depicted in this chapter. 6 Although no goal dependencies between CoP and KM Division are depicted in this diagram, we remind the reader that the ones depicted in Figure 4 still hold. 
